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ABSTRACT 
 
 
 
 Gas turbine vibrations can be caused by several mechanisms, but some blade 
failures cannot be explained by the more commonly known mechanisms and 
theories. These blades are conveniently regarded as rogue “mistuned” blades that had 
failed from abnormally high stresses. This led to extensive studies of bladed disk 
vibration characteristics. There are currently no theoretical predictions which can 
fully explain the blade vibration response in the presence of airflow due to the 
complicated aerodynamic structural interaction.  A literature review is presented on 
mistuned blades research. This work involved the experimental study of forced 
response amplitude of model blades due to structural mistuning and inlet flow 
distortion in the presence of an air flow. This controlled study of blade mistuning 
with inlet flow distortion therefore represents a nearly realistic environment 
involving rotating blades in the presence of airflow. Previous work by others were 
usually based on a non-rotating blade.  The presence of airflow which introduced 
effects of fluid structural interaction was not considered in previous works on 
mistuned blades. The primary intent of this work was to acquire the data while the 
blade is rotating in a situation that almost replicates the actual situation. A test rig 
was fabricated consisting of a rotating bladed assembly, an inlet flow section (where 
flow could be controlled or distorted in an incremental manner), flow conditioning 
module and an aerodynamic flow generator (air suction module with an intake fan) 
for investigations under laboratory conditions.  Instrumentations included ultra-
lightweight surface mounted pressure sensor on a rotating blade and vibration 
accelerometer on typical blades with signal routed through a telemetry system from 
the rotating shaft. These then allowed studies under a nearly realistic environment 
with rotating blades vibrations and pressure distributions measurements in the 
presence of airflow for the study of blade mistuning and inlet flow distortion with 
structural and aerodynamic interaction. Computational studies for vibration response 
of the blades and computational fluid dynamics of the inlet flow distortion were also 
undertaken to support the experimental studies. Tests were undertaken for a 
combination of different air-flow velocities and blade rotational speeds. The 
experimental results showed that the vibration responses of a mistuned blade (in a 
single stage of 12 bladed rotor assembly) were greatly influenced by the flow 
velocity, flow-induced frequency and blade/vane count. When the inlet flow was 
distorted, additional frequencies were excited and the amplitudes of these excited 
frequencies increased with increase in flow velocity.   
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ABSTRAK 
 
 
 
Getaran turbin gas boleh disebabkan oleh beberapa mekanism, tetapi terdapat 
sebahagian kegagalan bilah turbin yang tidak dapat diterangkan oleh mekanisma 
kegagalan dan tiori biasa.  Bilah ini dianggap sebagai ‘bilah-bilah buruk talaan sepi’ 
(rogue mistuned blades) yang gagal disebabkan oleh ketegangan tinggi. Ini telah 
menyebabkan banyak kajian dijalankan oleh penyelidik ke atas ciri-ciri getaran disk 
bilah. Bagaimanapun, kini masih tiada ramalan tiori yang boleh menerang getaran 
bilah dalam aliran udara yang disababkan oleh interaksi struktur aerodinamik yang 
rumit. Satu kajian literatur dalam bidang bilah talaan sepi (mistuned blades) diberi 
dalam tesis ini. Penyelidikan yang dijalankan ini melibatkan satu kajian makmal 
untuk sambutan getaran bilah-bilah model akibat daripada ‘talaan sepi’ (mistuning) 
struktur dan gangguan aliran masuk dalam  satu aliran udara.  Kajian oleh pihak lain 
biasanya melibatkan bilah yang tidak berputaran. Aliran udara memberi kesan 
interaksi bendalir struktur yang belum pernah dipertimbangkan dalam kajian bilah 
talaan sepi.  Objektif utama kajian ini adalah untuk memperolehi data semasa bilah 
berputaran dalam satu keadaan yang mereplikakan keadaan yang sebenar.  Sebuah 
pemasangan kajian dibina daripada pemasangan bilah yang berputaran, bahagian 
aliran udara masuk (yang boleh dikawal dan diganggu mengikut kadar terkawal), 
bahagian kawalan aliran dan penjana aliran aerodinamik (modul sedutan angin 
dengan kipas) untuk kajian makmal. Instrumentasi termasuk pengesan tekanan ultra-
kecil yang dipasang di atas permukaan bilah dan pengesan getaran di atas bilah di 
mana isyarat-isyarat intrumentasi diperolehi melalui sistem telemetri yang dipasang 
di atas syaf.  Ini mebolehkan kajian di bawah satu keadaan yang hampir sebenar di 
mana getaran bilah serta taburan tekanan bilah berputaran dikaji dalam aliran udara 
untuk  kesan talaan sepi dan aliran masuk terganggu.  Kajian berkomputer bagi 
sambutan getaran bilah dan kajian dinamik bendalir berkomputer (CFD) bagi 
gangguan aliran masuk dijalankan juga untuk menyokong kajian makmal. Ujikaji-
ujikaji dijalankan untuk pelbagai kombinasi halaju putaran dan aliran angin yang 
berlainan. Keputusan ujikaji menunjukkan bahawa bilah yang bermasalah ‘talaan 
sepi’ (dalam satu pemasangan 12 bilah) mempunyai sambutan getaran yang 
dipengaruhi oleh kelajuan aliran angin, frekuensi paksaan aliran, dan bilangan 
kepingan bilah. Apabila berlakunya gangguan aliran masuk, lebih banyak frekuensi 
getaran terjana dan amplitudnya berubah dengan penambahan halaju aliran. 
